Introduction
The Lua' people have settled in many districts of Nan Province, for example Bo Kluea, Thung Chang, Pua, and Chiang Klang. They normally live together with other ethnic groups, e.g., Tai Lue, Hmong, Mien, and also Tai Yuan. The most recent data shows that there are, currently, more than 34,600 speakers of Lua' (L- Thongkum et al. 2007a ). According to Filbeck (1978) , the Lua' language can be divided into two main dialects, Mal and Pray. The Lua' are bilingual in either Mal or Pray and Tai Yuan, the majority language of Nan Province. Moreover, the younger generation can also speak Standard Thai very well.
Mal has been reconstructed as a non-tonal language (Filbeck 1978) . However, the Mal spoken in Ta Luang Village in the Pua District of Nan Province (Ta Luang Mal) is becoming a tonal language due to contact with Tai Yuan. L- Thongkum and Intajamornrak (2009) found that the Mal spoken in Yot Doi Wattana Village has already become a tonal language with two tones: a high tone and a low tone. The Ta Luang variety has two pitches which can distinguish word meaning: a high pitch and a low pitch. The high pitch can vary with regard to syllable structures and intonation. In the examples given below, low pitch is indicated with a grave accent, while high pitch is left unmarked.
On the other hand, the Mal spoken in Kwet Village, Chiang Klang District, does not have contrastive tones or pitches. Consequently, it can be broadly said that varieties of Mal can be classified into three groups: non-tonal, incipient-tonal, and tonal.
Contact with Tai Yuan, the majority language of Nan Province, has been identified as a factor in certain varieties of Mal becoming tonal languages (LThongkum and Intajamornrak 2009 
Method
The informants were six females aged between 25 and 40. Three of them were Ta Luang Mal speakers, and the other three were native Tai Yuan speakers living in Pua District.
The informants were asked to pronounce each test-word three times randomly, with a three-to-five second break between each word. The total number of test tokens was 180, or 30 test tokens for each informant. The data was recorded directly on a notebook computer using Adobe Audition, version 2. The fundamental frequencies were measured at 0%, 25%, 50%, 75%, and 100% of normalized duration 3 using Praat, version 4.5.24. 4 The wordlist consisting of the six tones of Tai Yuan (L-Thongkum et al. 2007b ) is shown below.
Results
The fundamental frequencies of the Tai Yuan 5 tones were divided into two groups, non-checked syllables and checked syllables, as shown in tables 1, 2, 3, and 4 and figures 1, 2, 3, and 4. There are four contour tones: low-rising (T1), mid-rising (T2), mid-falling (T4), and high-falling (T6). The low-rising tone (T1) begins at a low pitch and then rises sharply to a high point. The mid-rising (T2) has the same general contour as the low-rising (T1) but lies in a different vocal range. It starts from a mid-point and then rises to the highest point of the scale. The mid-falling (T4) begins at a mid-point and then falls to a low pitch, while the highfalling (T6) starts at a high pitch and then rises before falling sharply at the end.
Non-checked syllables
For the level tones, the mid-level (T3) begins at mid pitch and then falls slightly over the first 75% of the duration. The high-level (T5) has a contour similar to the mid-level (T3), but it starts at a higher pitch and falls slightly at the end. Figure 2 shows that the mid-falling tone (T4) has merged with the mid-level tone (T3). As spoken by Ta Luang Mal speakers, the six Tai Yuan tones have become five tones: three contour tones and two level tones. The three contour tones consist of low-rising (T1), mid-rising (T2), and high-falling (T6). The low-rising tone (T1) begins at a low pitch and then rises sharply to a high point. The mid-rising (T2) has a similar shape, but the contour is less extreme. It starts from a mid-range pitch and then rises to the highest point on the scale. The high-falling tone (T6) starts at a mid/high pitch 7 and then rises slightly before sharply falling to a low pitch.
For the level tones, the mid-level (T3), which is a merger of the mid-falling (T4) and mid-level tones (T3), begins at a mid/low pitch, 8 falls slightly, and then rises slightly again beginning at 75% of the duration. The high-level tone (T5) starts at a mid-range pitch and stays level until it falls slightly during the last 25% of the duration.
It can be noticeable that Mal speakers tend to divide the six tones into 2 groups, especially during 0%-75% of the duration. In figure 3 , the fundamental frequencies of the Tai Yuan tones in checked syllables spoken by native Tai Yuan speakers represent variants of the tones in nonchecked syllables, but they differ slightly in their contours. Four tones appear in checked syllables, namely, mid-rising (T2), mid-level (T3), mid-falling (T4), and high-level (T5). In figure 4 , the fundamental frequencies of the Tai Yuan tones in checked syllables spoken by Ta Luang Mal speakers show that there are four tones, which are said to be variants of the tones in non-checked syllables. T2 and T4, which are contour tones, evince less extreme contours than T2 and T4 in non-checked syllables. This means that the pitch range is very narrow.
Checked syllables
The fundamental frequencies of the Tai Yuan tones spoken by the Ta Luang Mal and the native Tai Yuan speakers have been converted into semitones 9 and are compared in figures 5, 6, and 7. Figure 5 shows the differences in pitch height and pitch contour of the contour tones spoken by the two groups of speakers. It clearly shows that the pitch range of the Ta Luang Mal speakers is narrower than that of the native speakers.
The F0 of T1 and T2 as spoken by Ta Luang Mal speakers is higher than that of the native Tai Yuan speakers, while the F0 of T4 and T6 as spoken by the Ta Luang Mal speakers is lower than their native counterparts. It should be emphasized that the fundamental frequency of the midfalling tone (T4) as spoken by Ta Luang Mal speakers differs in contour from that of native Tai Yuan speakers because it has become a level tone with the same shape as the mid-level tone (T3). Additionally, the high-falling tone (T6) as spoken by Ta Luang Mal tends to show less contour especially in the first 60% of the duration. The fundamental frequencies of the level tones spoken by the two groups of speakers are quite similar in terms of both pitch and contour. However, the level tones as spoken by Ta Luang Mal speakers tend to converge during the last 25% of the duration (see figure 6 ). Figure 7 compares the Tai Yuan tones in checked syllables. Here again, the range of F0 in checked syllables as spoken by native Tai Yuan speakers is wider than its counterpart as produced by the Ta Luang Mal speakers, especially in the contour tones, the mid-rising (T2) and mid-falling (T4), which rise and fall sharply.
Moreover, the acoustic characteristic of the mid-rising tone (T2) suggests that it may be affected by syllable structure. Ta Luang Mal lexical pitch varies according to syllable structure, e.g., high-falling in non-checked syllables and level in checked syllables (Intajamornrak 2008) . Therefore, when Mal speakers produce the mid-rising tone in checked syllables, it shows less contour than it has in non-checked syllables.
Conclusion and discussion
The fundamental frequencies of the Tai Yuan tones spoken by Mal speakers in Ta Luang Village, Pa Klang Sub-District, Pua District, Nan Province, differ from the Tai Yuan tones spoken by native Tai Yuan speakers in terms of the number of tones, pitch, and contour.
The six tones of Tai Yuan become five tones when produced by Ta Luang Mal speakers because of the merger of the midlevel (T3) and mid-falling tone (T4). This is clearly evident in non-checked syllables, and it appears in all speakers. The merger can be explained by the contour of these two tones since the difference between the highest and the lowest frequency of the mid-falling tone (T4) is narrow. The midlevel (T3) starts at a mid pitch and stays level until the end of its duration while the mid-falling (T4) starts from a mid-range pitch and then falls slightly to a low pitch.
The flexion point (that is, the point at which the pitch starts to change its contour) of the mid-falling (T4) comes at 50% of the duration. It may be difficult for the Mal to distinguish these two tones. As a result, they pronounce them at the same pitch and with the same contour. In contrast, the high-falling tone (T5) shows much greater change. It starts at a high pitch and rises before falling sharply to a low pitch. For its part, the high-level tone (T6) starts at a high point and levels off until the end of duration. The two tones are easily distinguished, so the high-falling (T5) and high-level tones (T6) haven't merged.
The acoustic characteristics of the Tai Yuan tones spoken by native Tai Yuan speakers and Ta Luang Mal speakers who speak Tai Yuan as a second language are shown in table 5.
As is shown in table 5, T1 and T2 as spoken by Ta Luang Mal speakers start at a higher pitch (2 + and 3 + ), and both tones end at the highest pitch.
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With regard to contour, the tones as spoken by Ta Luang Mal speakers do not evince abrupt falls or rises. Therefore, the shape of their contour tones (e.g., T2 or T6) is flat compared to those spoken by native speakers. The mid-falling tone (T4) becomes mid-level, as can be clearly seen in non-checked syllables. The differences 10 When using the five-scale tone system, the symbol " + " means a higher pitch. For example, "2 + " indicates a pitch of the second level that is approaching the third level.
in pitch and contour show that the range for F0 of Tai Yuan tones as spoken by Mal speakers is narrower than that of native Tai Yuan speakers.
Ta Luang Mal is becoming a tonal language with two pitches: high and low. The fundamental frequencies of both native Ta Luang Mal words and loan words suggest two groups of pitch patterns, that is, high and low. The high group has two variants according to syllable structure: [high-level] in checked syllable and [highfalling] in non-checked syllable; the low group is phonetically low-rising and has no variants (Intajamornrak 2008 Therefore, Mal speakers may be perceiving pitch height rather than contour. Gandour (1983) studied the perception of tones by speakers of tone languages namely Mandarin, Cantonese, Taiwanese, Thai, and also a non-tonal language, English. His results showed that English speakers pay more attention to pitch height than speakers of tone languages did. He claimed that English does not have contrastive tones, so English speakers focused their attention on the pitch of the fundamental frequencies. Perhaps, this finding could be confirmed by a perception test.
As a result, when the Mal speakers produce Tai Yuan with its six tones, their production does not exactly match the native speakers', especially with respect to contour tones. The fundamental frequencies indicate that Mal speakers tend to divide the six tones into 2 groups, even though the mid-falling and mid-level have merged (see Figure 2 ).
It can be concluded that Tai Yuan tones of the Ta Luang Mal speakers are affected by the native language, Mal. The differences in number of tones or pitches as well as the acoustic characteristics of tones or pitches influence how non-tonal speakers produce a tonal language. Moreover, the fundamental frequencies of the Tai Yuan tones spoken by the Mal in Ta Luang Village show that they can be distinguished into two groups: high and low. The high group consists of the mid-12 See the acoustic characteristics of Tai Yuan loanwords in the appendix. rising (T2), high-level (T5) and highfalling (T6), and the low group includes the low-rising (T1), mid-level (T3), and mid-falling (T4). This classification reflects the way in which Mal speakers classify Tai Yuan tones to suit their own native pitch patterns, which are high and low.
However, it would be interesting to study the fundamental frequencies of Tai Yuan tones spoken by the younger generation of Mal further because they go to school and speak Tai Yuan on a daily basis with friends who are Mien, Hmong, and native Tai Yuan. Moreover, they can speak Standard Thai very well compared to the older generation, which speaks Standard Thai only occasionally.
